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FOREWORD 

This Indian Standard was adopted by the Bureau of Indian Standard, after the draft finalized by the Chemical 
Methods of Test Sectional Committee had been approved by the Textile Division Council. 

This standard is technically equivalent to ISO 105- 103 'Textiles — Tests for colour fastness Part JOS Calculation 
of Colour Difference' issued by the International Organization for Standardization. 

The composition of the Committee responsible for the formulation of this standard is given in Annex D. 

In reporting the result of a test or analysis made in accordance with this standard, if the final value, observed or 
calculated is to be rounded off, it shall be done in accordance with IS 2 : 1960 'Rules for rounding off numerical 

w^\uQS ( revised)' . 
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Indian Standard 

TEXTILES — METHOD FOR CALCULATION OF 
COLOUR DIFFERENCE 



1 SCOPE 

This standard provides a method of calculating the 
colour difference between two specimens of the same 
material, measured under the same conditions, such 
that the numerical value AE^mc ( 1 • c ) for the total 
colour difference quantifies the extent to which the 
two specimens do not match. It permits the specification 
of a maximum value ( tolerance ) which depends only 
on the closeness of match required for a given end- 
use and not on the colour involved, nor on the nature 
of the colour difference. The method also provides a 
means for establishing the ratio of difference in 
lightness to chroma and to hue. 

NOTE — Annex A provides guidance on the 
interpretation of results. Annex B provides sample test 
data for use in checking computer programs while 
Annex C contains a sample computer programme for 
calculating colour difference. 

2 PRINCIPLE 

The Commission Internationale d' Eclairage, Central 
Bureau, Kegelgasse, Austria 1976 L* a* b* 
( CIELAB ) colour space has been modified to enhance 
its visual uniformity while calculating the colour 
difference between two specimens. The modifications 
to CIELAB by the CMC equation provide a numerical 
value, AE^.„j^ which describes the colour difference 
between a sample and a reference in a more nearly 
uniform colour space. This permits the use of a single- 
number tolerance ( 'acceptability tolerance' or 'pass/ 
fail tolerance' ) forjudging the acceptability of a colour 
match in which the tolerance is independent of the 
colour of the reference. The ellipsoid semi-axes ( ISl, 
cSc and Sh ) used to derive A£^,„c provide a means to 
interpret the three separate components of colour 
difference ( lightness, chroma and hue ) in manners 
suitable for a wide range of uses. 

The equation for AE^^^^. describes an ellipsoidal 
boundary ( with axes in the directions of lightness, 
chroma and hue ) centered about a reference. The 
agreed-upon A£^.^^ acceptability tolerance describes 
a volume within which all specimens are acceptable 
matches to the reference. 

The colour difference is composed of three components 
that comprise the differences between the reference 
and the specimen. These are: 

a) a lightness component that is weighted by 
the lightness tolerance (AL*/1Sl). This is 



represented as AL^„^. 

If the AL^mc is positive, the specimen is lighter 
than the reference. If the AZ^^^. is negative, 
the specimen is darker than the reference; 

b) a chroma component that is weighted by the 
chroma tolerance (AC^ai/cS^.). This is 
represented as ACq^q, 

If the AQ^^ is positive, the specimen is more 
chromatic than the reference. If the AC^,^^ 
is negative than the specimen is less 
chromatic than the reference; 

c) a hue component that is weighted by the hue 
tolerance (AH*^i, /S^), This is represented 
asAf/,^,. 

If the AH^^^ is positive, the hue difference 
of the specimen is anticlockwise from the 
reference in CIELAB a*, b* diagram. If the 
AH^,„c is negative, the hue difference of the 
specimen is clockwise from the reference in 
the CIELAB a*, b* diagram. 

3 PROCEDURE 

3.1 Calculation of CIELAB Values 

Calculate the CIELAB Z* a* b*, c*^y, A^^ values for 
the X, Y, Z tristimulus values for both the reference 
and specimen as follows: 

!♦= 116(y/r„y^3-16ifr/y„>0.008856 

or 

Z*= 903.3(y/r„)ify/>'„<0.008856 

a*- 50Q[{f(X/XJ~f(Y/YJ\ 

b*= 200[if(Y/YJ-f(Z/ZJ] 

where 

f(X/X„) = (X/xJ'^ if X/Xn > 0.008 R56 

or 

f(X/X„) = 7.787 ( X/X„ ) + 16/116 \i X/X„ 
< 0.008 856 

f( Y/Y„) = ( Y/YJ "^ if Y/Y„ > 0.008 856 

or 

f( Y/Y„) = 7.787 ( Y/Y„ )+ 16/116 if Y/Y„ 
^0.008856 
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f(Z/Z„) = (Z/Z„y'^ if Z/Z„ > 0.008 856 

or 

/ ( Z/Z„ ) = 7.787 ( Z/Z„ ) + 16/1 16 if Z/Z„ 
< 0.008 856 

h^^ = arctan ( bVa'^) expressed on a 0° to 360° 
scale with the a* positive axis being 0*^ and the 
b* positive axis at 90°, 

For these equations, X„, Y„ and Z„ are the 
tristimulus values of the illuminant/observer 
combination in which it is desired to calculate 
CMC {I : c) colour differences. The preferred 
illuminant/observer combination is 055/10°. 
Table 1 gives the values for this and five other 
combinations. 

Table 1 Tristimulus Values for Six Illuminant/ 
Observer Combinations 





iClause3A) 




Illuminant/ 

Observer 

Combinations 


Tristimulus Values 


x„ 


Yn 


4 


(1) 


(2) 


(3) 


(4) 


0,3/10° 


94.811 


100.00 


107.304 


'^65^2'' 


95.047 


100.00 


108.883 


C/10^ 


97.285 


100.00 


116.145 


C/2° 


98.074 


100.00 


118.232 


A/10° 


111.144 


100.00 


35.200 


A/2^ 


109.850 


100.00 


35.585 



3.2 Calculation of CIELAB Colour Difference Values 

Calculate the CIELAB colour difference AL*, Aa*, A6*, 
AC*a5, A£*ab» Af/*ab ^sing the following equations, 
in which the subscripts R and S refer respectively to 
the reference and specimen CIELAB values: 

AL* = I*s-Z,*R, 

Aa* = a*s — a*R . 



Ab* = b*s -b\. 

J 

^<^*ab "^ '^*ab,S ~ ^*ab,R ; 

A//*ab = P9[( A£ab )' - ( AL* )2 - ( AC*^ )2]V4 

where 

p = 1 ifm>0 
or 

p = -1 ifm<0 



and 

q = lif|m|^180 

or 

q = -lif|m|>180 

where 

'w ^ hab.s-hab.R 

In which |....| indicates that the positive value is to 
be used regardless if the sign of the expression between 
the two lines. 

or the equivalent 

AH*^ = /[2( C Vs CVr - «*s «*R - **s b*R]'/^ 

where 

t - \ if a*sb%< a\b*s 
or 

3.3 Calculation of the CMC Colour Difference 

The CMC colour difference is obtained from the 
following equation: 

A£c»c ( / ■• c ) = [ ( AiV/Si )2 + ( AC*JcS, f + 
{AH*JSh)'\^ 

Calculate the ellipsoid semi-axes from the L*^, C*^^^ 
and the h^J^ of the reference as follows: 

Sl = 0.040 975LV(l+0-01765L*R)ifL*R^ 16 

or 

Sl = 0.511ifL*R<16; 

S^ = [0.0638C*j,ji/(l+0.0131C*,bji)]+0.638 

Sh= iFT+l-F)S, 

where 

f = {(C*ri,.R)*/[CVR)' + 1900]}''4 

T = 0.36 + |0.4cos(35 + A3bR)|ifh,bRS345°or 
/.,b.R<164° 

or 

T = 0.56 + |0.2cos(168 + A3bR)|ifl64°</i3i,R 

<345° 

NOTE — The value aii is usually set to 2.0. The value 
of c should always remain at 1 .0. This fixes the ratio 
of the three semi-axis to best correlate with visual 
assessment of typical textile samples. Other values of 
/ may be required in case where the surface characteristics 
significantly differ from those of flat textiles. 
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4 REPORT OF CALCULATIONS 

The report shall include the following information: 

a) all details necessary for complete 
identification of the sample and reference 
specimen(s) tested; 

b) identification of the spectrophotometer or 
colorimeter, including the CIE geometry type, 
with which the input data was obtained; 

c) the E^^^ value(s) of the test specimen(s); 

d) The values of / and c [ for example CMC 

(2:1)]; 



e) The illuminant and observer conditions used 
in the calculations ( for example 055/10°); 

f) If applicable, the acceptability tolerance 
used in making pass/fail judgements ( see 
Annex A ); 



g) If required the CMC component colour 

h) 



difference, AI^^^ , AC^„^ and A/f^„^; and 



If required the CIELAB Z* a* 6*, c*^^ and 
h*^^ values for reference and test specimen(s) 
and the associated AL*, Aa* A6* Ac*^^ and 
A^%^ values. 



ANNEX A 

( Clause 1 ) 

INTERPRETATION OF RESULTS 



For purposes of determining acceptability of colour 
match for some specific purposes, and user should 
determine a 'tolerance' which is agreeable to all parties 
involved. The AE^,^^ value calculated between a 
specimen and a reference, when compared to this 
agreed-upon tolerance provides a means of determining 
if a specimen is an acceptable match to the reference. 
Specimens which are compared to the reference will 
fall into two chategories : those for which the AE^^^ 
values are less than or equal to the agreed-upon 
tolerance are acceptable ( pass ), those for which the 
AE^.„j^. values are greater than the agreed-upon tolerance 
are unacceptable ( fail ). 

The equation for AE^^^ ^ 1 .0 describes an ellipsoidal 
boundary (with axes in the direction of lightness, 
chroma and hue) centred about a reference. The 
ellipsoid semi-axes lengths are defined by ISi^ cS^ and 
S^, and when multiplied by the agreed-upon tolerance 
describe a volume within which all specimens are 
acceptable matches to the reference. 

In some applications, the acceptable specimens need 
to be sorted into groups such that the specimens 
within any one group are very close colour matches 
to each other and could be used, for example, to 
manufacture a single garment. In such applications 
( for example rectangular '555' sorting ) it becomes 



necessary to define subvolume of acceptability. The 
dimensions of each subvolume may be developed by 
using the ratio of the three semi-axes of the CMC volume 
and dividing the total acceptance volume by the number 
of such subvolumes. For *555' sorting this is illustrated 
in Fig. 1 . 
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Fig. 1 555 Sort Blocks wrrHiN Acceptance Volume 

( 2-DlMENIONAL VIEW ) 

Although the total colour difference A£^^^ is valid 
for achromatic specimens, the method partitioning this 
difference is not valid when C^^ ^4.0 except for 
lightness difference. When C*n3b r <4.0 the chroma 
and hue difference components often do not 
correspond with visual assessments. The use of the 
individual components for determining the size of the 
individual sort boxes for sorting purposes is still valid. 
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ANNEX B 

{Clause 1) 

REPRESENTATIVE TEST DATA 



To help check computer programs giving ^^mc values 
from the CMC equation, some representative test data 
are given in Table 2. The data are for illuminant D^g 
and the 10° observer usingA; = 94.881, /„- 100.00, 



and Zn = 100.00 ( from Table 1 ). The six reference 
pair colours shown are red, blue, yellow, green, grey 
and another red. The / ; c ratio used is 2 : 1 . 



Table 2 Test Data for the CMC (2:1) Formula ( Dgj/lO^ ) 



Pair 


Tristimulus values 


CIELAB values 


^cmc 


X 


Y 


2 


L* 


a* 


i»* 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


1 


69.566 


70.797 


67.146 


87.39 


5.32 


7.19 






68.614 


69.698 


65.942 


86.85 


5.59 


7.29 


0.42 


2 


53.180 


57.467 


66.036 


80,44 


-3.35 


-3.84 






54.385 


58.760 


67.111 


81.16 


-3.35 


-3.52 


0.45 


3 


63.089 


67.667 


23.125 


85.84 


-2.45 


55,67 






61.950 


66.366 


22.565 


85.18 


- 2.28 


55.52 


0.27 


4 


23.178 


28.245 


21.074 


60.11 


- 15.44 


14.97 






21.895 


27.060 


20.137 


59.03 


- 16.64 


14.86 


0.97 


5 


12.938 


13.590 


16.071 


43.64 


0.35 


-3.39 






12.168 


12.737 


15.221 


42.36 


0.64 


-3.65 


0.81 


6 


14.640 


11.100 


11.060 


39.75 


27.95 


2.35 






14.520 


11.190 


12.220 


39.89 


26.57 


-0.57 


2.34 
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ANNEX C 
( Clause 1 ) 
COMPUTER PROGRAM FOR CALCULATING COLOUR DIFFERENCE 



This is a simple test program written in BASIC for 
calculating Af^.^^. Specific forms of the program may 
require modification for use on some computer systems. 

10 CMC (L:C) COLOUR DIFFERENCE FORMULA 

20 #################################### 

30 'Input data and print results 

40 #################################### 

50 INPUT "Input CMC ( 1 : c ) weighting factors ^ 1 ', 
'c"';L,C 

60 INPUT "Input X, Y, Z, of reference"; X( 1 ), X(2), 
X(3) 

65 LPRINT " Input X, Y, Z, of reference " X(l), X(2), 
X(3) : GOSUB 160 : LI = CL : Al= CA : B1=CB 

70 INPUT 'Input X, Y, Z of specimen'; X(l), X(2), 

X(3) 

75 LPRINT " Input X, Y, Z, of reference " X( I ), X(2), 
X(3) ; GOSUB 160 : L2 = CL : A2 = CA : B2 = CB 

80 GOSUB 230 

90 LPRINT 'L*, a*, b*, Hue angle of reference' LI, 
A1,B1,H1 

100 LPRINT 'L*, a*, b*, Hue angle of specimen' L2, 
A2, B2, H2 

110 LPRINT "DL/lSl DC/cSc DH/Sh DEcmc 
( ' ;L;:" C" )" 

120 LPRINT DL ;DC ;DH ;DE : LPRINT : GOTO 60 

130 #################################### 
140 'Calculate L*, a*, b* values ( d65/10 ) 

150 #################################### 

160 X(l) = x(l)/94.811 :X(2)=X(2)/100:X(3)=X(3)/ 
107.304 

170 FOR I = 1 TO 3 : IF X(I) < 8.856001E- 03 THEN 
FX(I) = 7.787*X(I) + 16/116 ELSE FX(I) 

= X(I)'Xl/3) 

180 NEXT 

190 CL = 1 16*FX(2)- 16 : CA = 500*(FX(1)-FX(2)) 



: CB = 200*(FX(2) - FX(3)) : RETURN 

200 #################################### 
210 'Calculate CMC colour different 

220 #################################### 

230DL = L2-L1 ;C1 =SQR(B1*B1 +A1*A1) :C2 = 
SQR(B2*B2 + A2*A2) : DC = C2 - CI 

240S1 = DL*DL + (A2-A1)*(A2-A1) + (B2-B1)* 
(B2-B1) 

250 DH = : AA = SI - DL*DL* - DC*DC ;IF AA< 
= THAN 260 ELSE DH = SQR(AA) 

260 IF (A2*B2) = THEN 280 ELSE H2 = 180 - 
SGN(B2)*90 - ATN(A2/B2)*57.3 

270 GOTO 300 

280 BB2 = SGN(ABS(B2)) : AA2 = SGN(A2 + B2) 

290 H2 = 90*(BB2 - AA2 + 1 ) 

300 IF (A1*B1) = THEN 320 ELSE HI = 180 - 
SGN(B I)*90 - ATN(A1/B I)*57.3 

310 GOTO 340 

320 BBI = SGN(ABS(B1)) : AAI = SGN(A1 + BI) 

330HI=90*(BB1-AAI + I) 

340 IFHI<=164ORHI>=345THEN350ELSEGOTO 
360 

350 T= .36 + ABS(.4*COS((Hl+35)/57.3)) : GOTO 370 

360 T = .56 + ABS(.2*COS((HI + 168)/57.3)) 

370 SL=.040975*L1/(I+.01765*LI):IFLI<=16THEN 
LETSL = .51I 

380 SC=.0638*Cl/(l+0.0I3I*CI)+.638 :F=SQR(Cr 
4/(Cr 4 + 1900)): SH = SC*(T*F+ 1 -F) :DL = 
DL/(L*SL) : DC = DC/(C*SC) : DH = DH/SH 

385 DA=H2-H1 :IFABS(DA)>I80THENYI = -I 
ELSEY1 = I:Y2 = Y2 = YI*DA 

386 Y2 = Y1*DA:IFY2< = 0THENDH=-DH 
390 DE = SQR(DL*DL + DC*DC + DH*DH) 
400 RETURN 
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ANNEX D 

( Foreword ) 

COMMITTEE COMPOSITION 

Chemical Methods of Test Sectional Committee, TX 05 



Organization 

Ahmedabad Textile Industry's Research Association, 
Ahmedabad 

Arvind Mills Limited, Ahmedabad 

Binny Limited, Chennai 

Bombay Dyeing and Manufacturing Co Ltd, Mumbai 

Bombay Millowners' Association, Mumbai 

Bombay Textile Research Association, Mumbai 

Central Institute for Research on Cotton Technology, Mumbai 

Directorate General of Supplies and Disposals, New Delhi 

Indian Jute Industries* Research Association, Kolkata 
Jayashree Textiles, Rishra ( West Bengal ) 

JCT Ltd, Phagwara 

Mafatlal Industries Ltd, Navsari 

Man-Made Textile Research Association, Surat 

Ministry of Defence ( DGQA ), New Delhi 

Ministry of Defence ( R&D ), New Delhi 

National Textile Corporation Limited, New Delhi 

Office of the Development Commissioner for Handlooms, 
New Delhi 

Office of the Textile Commissioner, Mumbai 

South India Textile Research Association, Coimbatore 
Suditi Industries Ltd, New Mumbai 

Synthetics and Art Silk Mills' Research Association. 
Mumbai ♦ 

Synthetics and Art Silk Mills Association Ltd, Mumbai 

Textiles Committee, Mumbai 



Representative(s) 

Dr T. S. Sarma ( Chairman ) 

Shri A. B. Shah ( Alternate ) 

Dr J. J. Shroff 

Shri J. M. David 

Shri N. Satish Rao 

Shri A, S. Gore ( Alternate ) 

Shri S, V. Soudagar 

Shri Mahesh Sharma ( Alternate ) 

Shri A. V. Afini 

Shri C. J. Kolgaonkar ( Alternate ) 

Dr ( Shrimati ) Vatsalya Iyer 

Dr R. H. Balasubramanya ( Alternate ) 

Shri A. K. Sehgal 

Shri Samoron Roy ( Alternate ) 

Shri N. C. Som 

Dr K. K. Goswami 

Shri Admey Nair < Alternate ) 

Shri B. L. Kak 

Dr U. V. Vyas 

Shri J. R Deshpande ( Alternate ) 

Dr Sandeep R. Naik 

Shri M. G. Patel ( Alternate ) 

Shri P. P. Naidu 

Shri Rama Yadav ( Alternate ) 

Shri Nishkam Kasturia 

Shri S. C. Jain ( Alternate ) 

Shri B. R. Verma 

Shri P. K. Home ( Alternate ) 

Shri Rajendra Kumar 

Shri S. C, Jain ( Alternate ) 

Shri S. K. Patra 
Shri R. A. Lal 

Shri K. P, Janakiraman 

Shri R. Chinraj 

Shri Rajendra Gaikwad ( Alternate ) 

Shri K. S. Taraporewala 

Shri D. L. Shah ( Alternate ) 

Shri V. S. Chalke 

Shrimati M. V. Rane 
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Organiz.ation 
Technological Institute of Textiles and Sciences, Bhiwani 

Textiles and Engineering Institute, Ichalkaranji, Kohlapur 



University Department of Chemical Technology, University 
of Bombay, Mumbai 

Veermata Jijabai Technological Institute, Mumbai 



Wool Research Association, Mumbai 



In personal capacity f 2, Shri Sidhi Vinayak Co-operative 
Housing Society, Swatantrya Veer Savarkar Marg, 
Prabhadevi, Dadar, Mumbai 400 028) 

BIS Directorate General 



Representativ€(s) 

Dr J. K. Sharma 

Dr D. N. Sharma ( Alternate ) 

Prof S. K. Laga 

Prof S. S. Chinchwada ( Alternate ) 

Prof M. D. Teli 



Prof G. W. Joshi 

Prof K. D. Gawand ( Alternate ) 

Shrimati G. P. Rane 

Shri V. C. Panse ( Alternate ) 

Shri M. D. Dixit 



Shri R. K. Dua, Director ( Tex ) 
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Shri Anil Kumar 

Deputy Director (Tex). BIS 



Bureau of Indian Standards 

BIS is a statutory institution established under the Bureau of Indian Standards Act, 1986 to promote 
harmonious development of the activities of standardization, marking and quality certification of goods and 
attending to connected matters in the country. 

Copyright 

Bis has the copyright of all its publications. No part of these publications may be reproduced in any form without 
the prior permission in writing of BIS. This does not preclude the free use, in the course of implementing the 
standard, of necessary details, such as symbols and sizes, type or grade designations. Enquiries relating to 
copyright be addressed to the Director (Publications), BIS. 

Review of Indian Standards 

Amendments are issued to standards as the need arises on the basis of comments. Standards are also reviewed 
periodically; a standard along with amendments is reaffirmed when such review indicates that no changes are 
needed; if the review indicates that changes are needed, it is taken up for revision. Users of Indian Standards 
should ascertain that they are in possession of the latest amendments or edition by referring to the latest issue 
of 'BIS Catalogue' and 'Standards : Monthly Additions'. 

This Indian Standard has been developed from Doc : No. TX 05 (0419). 

Amendments Issued Since Publication 

Amend No. Date of Issue Text Affected 



BUREAU OF INDIAN STANDARDS 

Headquarters: 

Manak Bhavan, 9 Bahadur ShahZafar Marg, New Delhi 1 10 002 Telegrams: Manaksanstha 

Telephones : 323 01 3 1 , 323 33 75, 323 94 02 ( Common to all offices ) 

Regional Offices : Telephone 

Central : Manak Bhavan, 9 Bahadur Shah Zafar Marg / 323 76 1 7 

NEWDELHI 110002 13233841 

Eastern: l/14C.I.T.SchemeVIIM, V.I.P.Road,Kankurgachi / 337 8499, 33785 61 

KOLKATA700054 1337 8626,3379120 

Northern : SCO 335-336, Sector 34-A, CHANDIGARH 1 60 022 f 60 38 43 



* 



1602025 

Southern : C. I. T. Campus, IV Cross Road, CHENNAI 600 11 3 / 254 12 16, 254 1 4 42 

i 12542519,2541315 

Western : Manakalaya, E9 MIDC, Marol, Andheri (East) f 832 92 95, 832 78 58 

MUMB AI 400 093 \ 832 78 9 1 , 832 78 92 

Branches : AHMADABAD. BANGALORE. BHOPAL. BHUBANESHWAR. COIMBATORE. 
FARIDABAD. GHAZIABAD. GUWAHATI. HYDERABAD. JAIPUR. KANPUR. 
LUCKNOW. NAGPUR. NALAGARH.PATNA. PUNE. RAJKOT. THIRUVANANTHAPURAM. 



Printed at New India Printing Press, Khurja, India 



